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The Federal Reserve BULLETIN from time
to time publishes, in full, staff studies on eco-
nomic and financial subjects that are of
general interest in the field of economic
research.
This paper was prepared by Mr. de
Leeuw, a member of the staff of the Board
of Governors, together with Messrs. Hop-
kins and Sherman, who were research as-
sistants at the Board during the summer
of 1966.
As in all staff studies, the author is re-
sponsible for the analyses and conclusions
set forth, and the views expressed are not
necessarily those of the Board of Governors
or of other members of the Board's staff.
This article describes a set of estimates of METHODOLOGY AND USES
capacity and capacity utilization in U.S.
manufacturing industries. The estimates
represent a revision of a series maintained at
the Federal Reserve Board for the past 6
years.
1 They are crude and subject to much
larger measurement errors than many other
time series in common use. Although the
estimates appear to be helpful in interpret-
ing current economic developments, users
should bear in mind that more thinking
about underlying concepts, better coverage
of some key manufacturing industries, and
further experimentation with alternative ap-
proaches to collecting capacity information
all are probably necessary before truly re-
liable estimates can be developed.
lSee Frank de Leeuw, "The Demand for Capital
Goods by Manufacturers," Econometrica, Vol. 30,
No. 3, July 1962, pp. 410-11; Peter Gajewski and
Frank de Leeuw, "An Index of Manufacturing Ca-
pacity," July 1964 (unpublished); and U.S. Council
of Economic Advisers, Annual Report, 1966, p. 249.
The method of calculating the capacity esti-
mates, described in detail below, can be
summarized in a few sentences. The general
level and major movements of capacity uti-
lization in the estimates are those that
emerge from McGraw-Hill surveys of ca-
pacity utilization of manufacturing com-
panies. Dividing these utilization rates into
Federal Reserve indexes of production gives
the general level and trend of the capacity
estimates. The final capacity estimates are
extrapolated before the first utilization sur-
vey and after the most recent one through
the use of capital stock estimates and
McGraw-Hill survey information on yearly
capacity changes. These two sources of in-
formation are also used to smooth the ca-
pacity estimates during the period of the
utilization surveys.
The meaning of "capacity" as measured
in these estimates is of necessity imprecise.
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The unit of measurement is output per
quarter, expressed as an index on a 1957-59
base. That is, the capacity index is an esti-
mate of the quantity of output per quarter,
relative to quarterly output in 1957-59,
which the current stock of plant and equip-
ment in manufacturing industries is capable
of producing. But there are many ways of
interpreting the phrase "capable of pro-
ducing." It may refer to output that can be
produced at minimum average cost, or it
may refer to output that can be produced
at anything less than prohibitively high cost;
it may refer to peak seasonal output, or it
CHART 1
gative time series. One such relationship,
depicted in Chart 1, is that of capacity utili-
zation for all manufacturing to the backlog
of appropriations for new plant and equip-
ment by manufacturers, with the latter vari-
able expressed as a ratio to estimated ca-
pacity. Periods of high backlog follow, after
a brief lag, periods of high utilization, with
the 1959 peak in both cases below the
1955-56 peak and the current level. The
two series diverge in recessions, probably re-
flecting in part the influence of financial con-
ditions on the volume and timing of new
appropriations.
CHART 2
Backlog of appropriations is the estimated dollar volume of
backlog at the end of each quarter for all manufacturing,
deflated by the GNP implicit deflator for producers' durable
equipment and divided by the capacity index for total manu-
facturing. Capacity utilization is for total manufacturing.
Data are from National Industrial Conference Board, U.S.
Commerce Department, and Federal Reserve.
may refer to output after adjustment for
normal seasonal variation; it may refer to
the sum of separate product capacities, or it
may refer to some normal product-mix; it
may be restricted to single-shift output, or
it may include second-shift or third-shift
potential. There is no information available
as to exactly what respondents to capacity
surveys have in mind.
The usefulness of the utilization estimates
in spite of these defects, however, is illus-
trated by their relationship to other aggre-
Price change is the absolute change from a year earlier in
the quarterly average of a special Federal Reserve grouping
of wholesale price indexes (1957-59 = 100) for industrial ma-
terials. Capacity utilization is for primary processing in-
dustries. Data are from Bureau of Labor Statistics and Federal
Reserve.
Price changes for industrial materials
also appear to be related to estimated ca-
pacity utilization, particularly to one of the
two components of the total—utilization in
primary processing industries. Chart 2 illus-
trates the general correspondence of fluctu-
ations in these two series. There are, of
course, important forces affecting materials
prices not captured in the utilization meas-
ure. At times, the influences of these other
forces—for example, changes in agricul-
tural prices and in wage levels—have prob-
Federal Reserve Bulletin: November 1966INDEX OF MANUFACTURING CAPACITY 1607
ably outweighed the influence of capacity
utilization.
SUMMARY OF REVISION
The changes responsible for the revision of
past estimates are summarized before pres-
entation of the new estimates in detail. The
new estimates differ from the old for three
reasons: (1) Separate estimates have been
prepared of capacity (and of utilization)
for two subgroups of manufacturing, pri-
mary processing industries and advanced
processing industries. (2) On the basis of
recent evidence, it is now assumed that re-
spondents to the McGraw-Hill surveys (the
most important source of information for
these capacity estimates) adjust their re-
sponses for seasonal variation. And (3) in
preparing the estimates additional data were
used—an additional year's data for all the
time series involved, and a completely dif-
ferent set of data for estimates of the stock
of capital goods owned by manufacturers.
Estimated utilization rates for primary
processing industries and advanced process-
ing industries generally move in the same
direction, as seen in Chart 3. But the two
series show some significant differences
during peak periods. For example, primary
CHART 3
processing industries reached their highest
postwar utilization rate just after the out-
break of the Korean war, whereas advanced
processing industries did not reach their
postwar peak until near the end of that con-
flict. Again, in 1965 primary processing uti-
lization was not so high as it had been in
1955-56, but advanced processing utiliza-
tion was as high as in the earlier period.
Those familiar with the timing of postwar
fluctuations in prices will appreciate the
closer correspondence of industrial price
movements with primary processing utiliza-
tion than with advanced processing utiliza-
tion—a correspondence to which a number
of economists have referred.
2 The "primary
processing" and "advanced processing" clas-
sifications used here are not the same as the
"materials" and "finished products" classifi-
cation used in the industrial production in-
dex. The ones used in the industrial produc-
tion index represent broader coverage and
a cleaner separation of industries producing
2 See, for example, Murray Altmann, "Price Anal-
ysis and Economic Developments," Staff Economic
Study, Federal Reserve Board, 1965; and Ruth Mack,
"The Destabilizing Influence of Raw Materials
Prices," in U.S. Joint Economic Committee, The
Relationship of Prices to Economic Stability and
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Latest figures, third quarter.
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for further fabrication and industries pro-
ducing for distributors or for final users; but
data limitations make it impossible to use
the production index separation in the pres-
ent study.
The changed assumption about seasonal
adjustment underlies the difference between
earlier and current estimates of total manu-
facturing utilization during the past 10
years, as illustrated in Chart 4. Earlier it
was assumed that the end-of-year utilization
rates that companies reported to McGraw-
Hill were not adjusted for seasonal vari-
ation. Because the end of the year is, on
balance, a slack season for manufacturing
production, our seasonally adjusted utiliza-
tion rates were above the figures reported by
McGraw-Hill. Now it is assumed that the
rates reported to McGraw-Hill are season-
ally adjusted—for reasons discussed below
—and our seasonally adjusted utilization
estimates are lower than they were, and no
longer above the McGraw-Hill reported
rates.
As for the other divergences, including
the slight excess of the revised over the
earlier estimates for the first few years, a
great many minor changes in data are re-
sponsible and no one factor is dominant.
The fact that minor changes in data have
caused revisions of one or two points in the
utilization rate for some quarters under-
scores once more the large degree of un-
certainty surrounding these estimates and
the need for further work.
CONSTRUCTION OF THE ESTIMATES
As earlier, three kinds of series entered into
the construction of capacity estimates: A
perpetual inventory measure of the gross
stock of capital goods, a McGraw-Hill index
of capacity, and a Federal Reserve index of
production divided by a McGraw-Hill rate-
of-operations measure. In contrast to pre-
vious estimates, however, each of the three
series was separated into two components,
one for primary processing industries and
one for advanced processing industries.
Stock of capital goods. The data for the
construction of the gross capital stock series
were obtained principally from official cen-
suses of manufacturers and from the surveys
of manufacturers published in noncensus
years since 1947 (with the exception of
1948). Census data rather than Commerce-
Securities Exchange Commission data for
plant and equipment investment expendi-
tures were employed because this informa-
CHART 4
Latest figures, third quarter.
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tion is collected on an establishment basis
(rather than by companies which often pro-
duce in several industries).
A common method for measuring per-
petual inventory of gross capital stock con-
sists of adding each year's gross investment
expenditure to the previous year's stock of
capital goods and subtracting from this total
the gross investment expenditure of « years
ago, where ™ is the useful life of capital
goods. An implication of this method is that
the change in the capital stock in the current
year depends not only upon current invest-
ment expenditures, but also upon gross in-
vestment expenditures exactly « years ago.
If gross investment expenditures % years ago
were subject to any unusual fluctuation, the
current capital stock measure would also
tend to fluctuate abnormally.
In order to eliminate these echo effects,
we used a technique similar to one devel-
oped by Dale Jorgenson.* This technique
consists of (1) assuming that retirement is
a constant fraction of the capital stock, or
in equation form
where s, is the stock at the start of period t,
I, is investment expenditures in period t,
and k is the retirement rate; and (2) calcu-
lating the retirement rate k by averaging the
common perpetual-inventory estimates of
retirements as a fraction of capital stock
over a period of years.
An unpublished set of capital stock esti-
mates for industry prepared by Michael
Gort were used to obtain estimates of capi-
tal stock as of the end of 1947 and esti-
mates of k for materials and for final prod-
ucts. The retirement rate k was estimated
at 2.9 per cent for primary processing in-
dustries and 3.6 per cent for advanced proc-
essing industries.
The choice of a gross rather than a net
measure of capital was based on the as-
sumption that the amount of services that a
capital good yields per year or per quarter
during its lifetime is approximated better
as a constant amount than as an amount
proportional to the remaining lifespan of
the capital good.
Census figures for gross investment ex-
penditures were not available for 1948,
1965, and 1966. Thus estimates for these
years were obtained by interpolative and
extrapolative approximations utilizing the
Commerce-SEC data. Census data do not
include the sale of Government surplus
capital stocks to private manufacturing in-
dustries. Because these sales were sizable in
the years just after World War II, estimates
utilizing data based on a study by Bert
Hickman * were added to the Census series
to obtain the final expenditure estimates.
The two capital stock series are plotted
in Chart 5, together with the other capacity
indicators used in construction of the final
series. Noteworthy features of their time-
paths are (1) their very slight deceleration
during the years 1958-62, in contrast to
much more marked deceleration in some
other capital stock estimates, and (2) their
acceleration during the last 2 or 3 years.
McGraw-Hill capacity indexes. Annual
McGraw-Hill indexes
 r' were combined into
primary processing and advanced process-
ing totals with weights based on points in the
Federal Reserve index of industrial produc-
tion in December 1950, the base period of
1
1 Dale Jorgenson, "Anticipations and Investment
Behavior," in James S. Duesenberry, et. al., editors,
The Brookings Quarterly Econometric Model of the
United States, Rand McNally, 1965, pp. 51, 57.
* Bert Hickman, Investment Demand and U.S. Eco-
nomic Growth, Brookings, 1964, pp. 234-35.
"' McGraw-Hill Company, Annual Surveys (re-
leased in April).
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the capacity indexes. Proportions of total
capacity would be more appropriate as
weights than proportions of total output
would be, but only the latter are readily
CHART 5
split into (1) industrial chemicals (S.I.C.
codes 281 and 282), assigned to primary
processing industries, and (2) chemical
products (S.I.C. codes 283 through 289),
PRIMARY PROCESSING INDUSTRIES
Capital stock is in billions of 1958 dollars, output -^ utilitiza-
tion is an index with 1957-59 output=100, capacity index has
the end of 1950=100. All data plotted at end of year. Data
available. The two aggregate indexes also
appear in Chart 5.
Industries classified as "primary process-
ing" in constructing the new capacity esti-
mates were textiles, lumber, paper, and
pulp, petroleum, rubber, stone, clay, and
glass, primary metals, fabricated metals,
and a portion of chemicals.
Where possible the chemical industry was
are from McGraw-Hill Company, Department of Commerce,
and Federal Reserve.
assigned to advanced processing industries.
Where only a total chemicals series was
available, that total chemicals series was
used with an industrial chemicals weight
and with a chemical products weight. In
addition to chemical products, the food,
beverages, tobacco, apparel, furniture,
printing and publishing, leather, machinery,
transportation equipment, instruments, ord-
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nance, and miscellaneous industry groups
were classified as "advanced processing."
Output divided by utilization. A company
producing 100 units per year and operating
at 80 per cent of capacity has a capacity of
100 divided by 80 or 125 units of output
per year. If in a subsequent period the com-
pany produces 91 units per year and is
operating at 70 per cent of capacity, its
capacity has risen to 91 divided by 70 or
130 units per year. An output measure
divided by a utilization measure, in other
words, is one indicator of capacity. Two
aggregative indexes constructed in this way,
one for primary processing industries and
one for advanced processing industries,
were the third kind of capacity series in this
study.
The output measures used for primary
processing and advanced processing indus-
tries were groupings of the manufacturing
component of the index of industrial pro-
duction index for each December, specially
calculated according to the classification de-
scribed above. The utilization measures
were weighted combinations of the Mc-
Graw-Hill end-of-year utilization rates.
0
Weights for combining the utilization in-
dexes were based on the 1957 proportions
of production through 1960 and on 1963
proportions starting in I960. There was
very little difference between the two 1960
estimates. Final utilization numbers for
1960 were averages of the two weighted in-
dexes, with 1959 and 1961 utilization rates
adjusted slightly to avoid any abrupt
changes due to changing weights.
Utilization rates were constructed not
only for the end of each year, but also for
September of each year since 1959, when
" Ibid. These utilization rates are based on answers
to the survey question, "How much of your capacity
were you operating at the end of 19 ?"
utilization reports for that month were first
collected by McGraw-Hill.
7 Besides pro-
viding an interim check on capacity levels
during the year, these figures were employed
to determine whether McGraw-Hill re-
spondents, on the average, correct their re-
sponses for normal seasonal variation. Sep-
tember figures are useful in this determina-
tion because the level of capacity should dis-
play almost no seasonal variation, for it
consists at any moment of time almost en-
tirely of equipment installed in the past and
only to a very minor extent of equipment
installed since the last month or last quarter.
If seasonally adjusted output divided by uti-









Adjusted figures are seasonally adjusted Federal Reserve in-
dexes divided by McGraw-Hill utilization rates. Unadjusted
figures are Federal Reserve indexes not adjusted for seasonal
variation divided by McGraw-Hill utilization rates.
7 McGraw-Hill Company, Fall Surveys (released
each November).
Federal Reserve Bulletin: November 19661612 FEDERAL RESERVE BULLETIN • NOVEMBER 1966
ation between September and December
and seasonally unadjusted output divided
by utilization does not, reported utilization
rates are probably not corrected for sea-
sonal variations in output. If it is the ad-
justed output divided by utilization which
displays no seasonal variation, then re-
ported utilization rates are likely to have
been corrected for seasonal fluctuations in
output.
The second of these two possibilities fits
the facts much better than the first, as Chart
6 demonstrates. Unadjusted output divided
by utilization rates produces a sawtooth sea-
sonal pattern in estimated capacity and im-
plies an actual drop in capacity from Sep-
tember to December each year. Adjusted
output divided by utilization, in contrast, is
a smooth line. Consequently the assumption
that McGraw-Hill respondents adjust their
replies for normal seasonal variation seems
more logical. It is different from the assump-
tion we had made in previous estimates
(and one we had decided on before
McGraw-Hill began its September utiliza-
tion surveys), and its effect is to lower our
estimates of seasonally adjusted utilization
rates.
COMBINING THE THREE CAPACITY
INDICATORS
As in the earlier estimates, the McGraw-Hill
capacity index and the capital stock series
are assumed to have a gradually shifting re-
lationship to the desired capacity measure;
many of their differences from the desired
measure—in weighting, in treatment of
capital retirements, and in implied treat-
ment of quality changes—have effects that
develop by degrees over time. A randomly
distributed bias is assumed in the output-
divided-by-utilization measure; the direct
link of this measure to the output index
probably prevents a major trend in its
errors (at least, relative to errors in the
output index), but probably its dependence
on single-month figures produces some ran-
dom errors. The ratio of the output-divided-
by-utilization measure to each of the other
two measures should depend upon time
and a random disturbance. The mathe-
matical representation of this relationship,
which was estimated in logarithmic form
and calculated separately for primary proc-
essing and for advanced processing indus-











where xl = Federal Reserve index of in-
dustrial production divided by McGraw-Hill
estimates of end-of-year rate of operations;
x2 = McGraw-Hill capacity index; x, =
capital stock series; a, = the antilogarithm
of the intercept regression coefficient for the
ith equation ( i = 1, 2); h, =. the antiloga-
rithm of the time trend regression coefficient
for the /th equation (« = 1,2); u,v, = ran-
dom disturbances in the appropriate equa-
tions; and / = time in years (1954 = 1).
The final capacity measure was estimated
by multiplying the "calculated" values in
Equation 1 by xt and the "calculated"
values in Equation 2 by xt and averaging
these two estimates. Regression estimates of
a and b for advanced processing industries
follow:
(1) Ratio of output divided by utilization to capac-
ity index
o = 0.79915
6_ = 0.99397 (<-ratio = 4.21)
R* = 0.56
(2) Ratio of output divided by utilization to capital
stock
a = 1.6567
b_ = 1.01227 (<-ratio = 8.71)
fl
s = 0.86
These regressions indicate a downward
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trend in the output-divided-by-utilization
measure relative to the McGraw-Hill ca-
pacity index of about six-tenths of 1 per
cent per year (because b is roughly equal
to 0.994). The output-divided-by-utilization
measure rose relative to the capital stock by
about 1.2 per cent per year. The McGraw-
Hill measure and the capital stock measure
were adjusted for these differences in trends
as well as for differences in level and then
averaged to calculate capacity for advanced
processing industries.
There was one further adjustment in the
capacity index for advanced products indus-
tries—namely, a flat reduction of 1 per cent
in the capacity index for each year starting
at the end of 1958. The reason for this
adjustment was to preserve consistency be-
tween our estimate of the end-of-year utili-
zation rate for all manufacturing and the
published McGraw-Hill end-of-year manu-
facturing utilization figures. In our calcula-
tions (except for the adjustment just re-
ferred to), the end-of-year utilization rate
for recent years tended to be a shade below
the McGraw-Hill published total figures,
partly because we had to estimate some of
the unpublished detail of the McGraw-Hill
surveys and partly because of weighting dif-
ferences. Because our method of arriving at
a total utilization rate is considered no more
accurate than McGraw-Hill's, and because
it is a convenience to users to have the two
end-of-year utilization estimates approxi-
mately equal, we made the small arbitrary
adjustment referred to in order to bring the
two totals closer together.
Regression estimates for primary process-
ing industries are as follows:
(3) Ratio of output divided by utilization to capac-
ity index
a = 0.8450
b = 1.0008 (/-ratio = .51)
W = 0.19
[Equation not used; mean ratio of 0.8495 used
instead. See below.]
(4) Ratio of output divided by utilization to capital
stock
(a) entire period, 1954-65
a = 1.089
b_ = 1,01764 ((-ratio = 12.63)
ft
2 = 0.93
(b) first 4 years, 1954-57
a = 1.13837
b_ = 0.99956 ((-ratio = .28)
R? = 0.19
(c) last 8 years, 1958-65
a = 1.15081
b_= 1.01947 ((-ratio = 9.80)
R
2 = 0.92
[4c used for 1958-65; mean 1954-57 ratio of
1.1369 used for earlier years. See below.]
The regressions for primary processing
industries indicated no significant trend in
output divided by utilization relative to the
McGraw-Hill capacity index. The ('-ratio of
the trend term in the regression was only
0.5 and the value of fl
2 only 0.19. Instead
of using the regression coefficients, there-
fore, the McGraw-Hill index was simply
multiplied by the mean ratio of Xi to x2
—0.8495—to form the first of the two
semifinal capacity estimates for this group-
ing.
Output divided by utilization did display
a significant upward trend relative to capital
stock for primary processing industries, as
regression results 4a demonstrate. However,
inspection of the data revealed that there
was no trend in one series relative to the
other for the first few observed years and a
rather sharp one in the last 8 years (see
Chart 2). For this reason, regression equa-
tion 4a was not used; instead regression
equation 4c was used for 1958 and subse-
quent years and the mean 1954-57 ratio of
Xi to x,—1.1369—was used in place of
any regression results for 1957 and earlier
years. Separate regressions for subperiods
were also run and tested for significant dif-
ferences in all other cases, but this was the
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only one in which a significant difference
emerged.
Quarterly capacity estimates are simply
linear interpolations between the final end-
of-year figures. Quarterly output estimates
are quarterly averages of the specially cal-
culated breakdown of manufacturing output
described above. Capacity indexes for
1966 are projected on the basis of antici-
pated additions to capacity as reported to
McGraw-Hill and anticipated capital spend-
ing as reported to the Commerce Depart-
ment. Quarterly rates of utilization are avail-
able a month or less after the end of each
quarter.
8
8 Requests for the quarterly estimates should be
addressed to Publications Services, Division of Ad-
ministrative Services, Board of Governors of the
Federal Reserve System, Washington, D.C. 20551.
TOTAL MANUFACTURING: OUTPUT AND CAPACITY






















































































































































































1 When manufacturing output as shown here is divided by the
capacity index shown here, the result may differ very slightly from the
estimated utilization rate for total manufacturing as shown in the
following table. The differences are due in part to rounding and
in part to the fact that the utilization rate for manufacturing has
been calculated as a weighted average of utilization for primary-
processing industries and utilization for advanced processing indus-
tries, rather than as the ratio of total manufacturing output to total
manufacturing capacity. Output is seasonally adjusted.
NOTE.—Estimates based on data from Federal Reserve Board,
Department of Commerce, and McGraw-Hill Economics Depart-
ment.
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NOTE.—Seasonally adjusted estimates based on data from Federal
Reserve Board, Department of Commerce, and McGraw-Hill Eco-
nomics Department.
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